The problem of massive emissions of carbon dioxide (CO 2 ) from the burning of fossil fuels and their climatic impact have become major scientific and political issues. Future stabilization of the atmospheric CO 2 content requires a drastic decrease of CO 2 emissions worldwide. Energy savings and carbon sequestration, including CO 2 capture/storage and enhancement of natural carbon sinks, can be highly beneficial, although it is suggested that both economic and climatic feedbacks could nullify part of the gains achieved. Fossil fuels (coupled with CO 2 capture), and lower-carbon hydrogenated fuels such as natural gas are still expected to play an important role in the future. Nevertheless, stabilizing atmospheric CO 2 concentration in a growing world economy, now dependent on fossil fuels for 85% of its energy, will also require a vast increase in the supply of carbon-free power. Among these energy sources, hydropower and nuclear energy (operated under western safety and environmental standards) are the most readily available sources capable of supplying vast amount of energy at a competitive price. Wind power is also to be encouraged, as it is expected to approach the competitiveness threshold soon. The French example, where fossil fuel CO 2 emissions were cut by 27% in a matter of a few years (1979)(1980)(1981)(1982)(1983)(1984)(1985)(1986)) despite increasing energy consumption, suggests that implementing CO 2 stabilization is technically feasible at a competitive price. r
Introduction
Humanity has been faced with a lack of energy from time immemorial. The chief mobilizable energy sources, with very limited yields, were animal traction, wind energy (windmills, sailing ships), low energy hydropower (watermills) and biomass (mainly for home requirements). Only in the last two centuries, thanks to scientific progress, has the energy constraint progressively loosened, with the possibility of drawing from more concentrated energy sources including coal, oil, gas, and uranium. This revolution has sparked unprecedented economic development (Fig. 1) . However, energy production and consumption have undeniable environmental repercussions. The environmental damages linked to the production, transformation, transport and use of different energy sources have been substantial in the past and are still far from negligible. The coal mining industry has exacted a heavy price from past generations (mine accidents, occupational diseases, site degradations, extensive atmospheric pollution, acid rain, etc.). The energy sector has also been subject to major catastrophes which have marked its history: oil slicks (Amoco Cadiz, Exxon Valdez, Erika, etc.), rupture of pipelines or well heads, hydro-electric dam failures, nuclear accidents (Tchernobyl), etc. The control of the environmental impact of the various energy systems in terms of emissions, wastes and perturbation of ecosystems, under normal or accident operating conditions is hence a major issue. In this respect, the emission of carbon dioxide (CO 2 ) due to the use of fossil fuels (coal, gas, and oil) poses a specific problem.
Climate risk and the new energy situation
Although it has been known for more than a century (Arrhenius, 1896) , the possibility of climate warming associated with the combustion of fossil energies has only focused attention in the last ten years, since scientists demonstrated the first tangible effect of this warming ( Fig. 2 ) and alerted public opinion and the governments about the risks of a climatic upheaval (IPCC, 1996a; IPCC, 2001 ).
The issue of global warming is becoming a major and unavoidable element of world energy policy. Today, about 29 billion tonnes of CO 2 are released into the air annually by human activities, including 23 billion from fossil fuel burning and industry (IPCC, 2001) , causing a rapid and disturbing increase in its atmospheric concentration ( Fig. 3) The United Nations Convention on Climate Change, signed in 1992, followed by the Kyoto conference (December 1997) , marked the first step towards an international determination to limit releases of greenhouse gases (especially CO 2 , CH 4 and N 2 O). However, the implementation of an international agreement on limiting these releases is a complex matter, with major geopolitical and economic implications, given the fact that: * World energy needs are steadily rising, driven by growth, demography and the economic development of the third World (Fig. 4 ), * 85% of these needs are currently supplied by fossil fuel (coal, gas, and oil) which generates CO 2 (Fig. 5 ), * forecasts for CO 2 releases, if nothing is done to limit them, will exceed 50 billion tonnes/yr in 2050, twice as much as today (scenario IS92a ''Business As Usual ''FIPCC, 1996a) , and * a stabilization of the CO 2 content of the air at about 550 ppm (a target considered acceptable by most scientists) will, on the contrary, require releases to be halved from today's level (IPCC, 2001 ).
Answers are available from the energy and industry sectors for meeting this planetary challenge. They rely on three main factors: 1. Energy conservation: improved energy efficiency and the rational use of energy. 2. Carbon waste management: development of techniques for the capture and geological storage of CO 2 (DOE, 1999) . 3. Evolution of the energy mix: replacement of high carbon fuels (coal, oil) by lower carbon content hydrogenated fuels (natural gas), and greater reliance on non-CO 2 emitting energies like hydropower, nuclear, wind, biomass or solar.
Energy conservation
The apparent present abundance of fossil and fissile energies should not obscure the fact that over the long term, these energies are not an inexhaustible resource. Man is obliged to improve exploration and production techniques ceaselessly to reach new deposits and thereby offset the progressive depletion of world reserves (Fig. 6) . Therefore, the need for energy conservation is not only important for lowering CO 2 release, it is also indispensable to:
* guarantee the relative permanence of energy resources over the long term, * facilitate access to the developing countries, whose future needs are large, and * preserve the environment and the quality of life of future generations
This rational approach includes improving the efficiencies of energy production and utilization systems, a stop to waste, and the optimum use of the different energy sources in accordance with their respective advantages. Furthermore, pioneering research must be maintained so that new energy systems and new energy sources can be mobilized for the future.
Access of the masses to energy, an important factor in comfort and the quality of life, is a universal right. The limitation of energy consumption by rationing or by price increases (rationing via money) therefore runs into a problem of social acceptability (witness the widespread opposition to higher prices of motor fuels). Yet this does not mean, far from it, that energy conservation cannot be achieved. Large potentials still exist in improving the performance of mass consumption equipment (home appliances, lighting), road transport, and thermal insulation in buildings. The experience of the past fifteen years has nonetheless shown us that once the oil shock has been forgotten, our fellow citizens do not spontaneously make ''waste reduction'' their favorite activity. The introduction of new standards with manufacturers covering the energy consumption of their products has emerged to be the most effective means to obtain quantifiable energy savings. Equivalent economies are anticipated in the tertiary sector for lighting, heating and air-conditioning installations, and in the industrial sector, through improvements to manufacturing processes. At the other end of the chain, reliance on more efficient energy production processes and the development of cogeneration (electricity generation and heat recovery) also represent a significant potential for economies (Fig. 7) . According to ADEME (the French Environment and Energy Conservation Agency), the development of more efficient technologies tends to suggest by 2050 a drop of consumption in France of 5 TWh/yr for home appliances, 8 TWh/yr for washing equipment and 10 TWh/yr for lighting, making a total of 23 TWh, a figure to be compared with the 513 TWh of annual gross power generation in France (CEA, 1999). However, these economies will have a limited impact on French CO 2 emissions since 92% of the electricity production is supplied by non-fossil fuels (nuclear and hydro-electricity) (CEA, 1999 ). Yet in terms of energy conservation, experience shows the difficulty of making reliable forecasts, especially in periods of economic growth. Overoptimism would be a mistake. In fact, the additional purchasing power associated with economic and energy efficiency generates additional growth and adds new needs: acquisition of new appliances by households, increased transportation associated with leisure activities etc., which can nullify all or part of the gains achieved (Fig. 8) .
These two antagonistic trends, improving energy efficiency on the one hand, and industrial dynamics on the other, driven to place new equipment and services on the market, explain why, including in developed countries like France, all the scenarios foresee higher energy consumption (Fig. 9 ).
Carbon waste management
In most industrialized countries, industries are subject to strict standards covering releases and waste management. Paradoxically, the fossil energy sector escapes this basic rule concerning CO 2 , which is entirely released into the environment. Thus one solution which would be both logical and effective would be to encourage the large industries (coal, fuel oil and gas fired power plants, cement plants), which account for about 30% of world CO 2 emissions (IPCC, 1996b) , to install recovery systems, just as they have done in the past for sulfur releases. Technical systems already exist, which are employed on a small scale to produce CO 2 for industrial use. The average cost of CO 2 capture, using state-of-the art technologies, is estimated at 25-50$/tonne of CO 2 according to the type of installation (Beecy et al., 2000; David and Herzog, 2000) . Research and development is needed to design more efficient systems capable of capturing CO 2 from large power plants with 80-90% efficiency, at a target price not exceeding 10$/tonne.
The problem of the long term storage of CO 2 thus recovered is more complex, given the huge volumes involved. The most satisfactory solutions from the environmental standpoint are the transport of the CO 2 by pipeline and its injection into deep geological formations like gas reservoirs and oil fields that are depleted or nearing depletion, or deep saline aquifers. Their worldwide storage potential could amount up to 10000 billion tonnes of CO 2 (DOE, 1997a; Stevens and Kuuskraa, 2000) , or the equivalent of several hundred years of cumulative CO 2 releases. Twenty million tonnes/year of CO 2 are already injected in American oil fields (DOE, 1997b) for Enhanced Oil Recovery. In the North Sea too, the CO 2 naturally present in the gas extracted from the Sleipner West Field (operated by Norway's Statoil) is separated and re-injected into an aquifer 1000 m below the surface. One million tonnes of CO 2 are thus stored every year at depth (Korbol and Kaddour, 1995; Statoil, 2001) . The transport/deep storage cost is estimated at about 10$/tonne of CO 2 (Stevens and Kuuskraa, 2000) . On the whole, for the electricity sector, CO 2 capture and storage means an extra cost of about 2-3 UScents/kWh (Beecy et al., 2000) .
The spread of CO 2 trapping technology towards the major fossil energy production centers (power plants, heavy industry) thus represents a significant potential in terms of lowering releases, about several billion tonnes of CO 2 /yr. Considering the present 85% share of the world energy supplied by fossil fuels, and knowing the time needed for new energy systems to penetrate to their market potential, capturing and sequestering CO 2 appears as an efficient response to the CO 2 problem. Moreover, in the long term, CO 2 sequestration will allow us to keep on exploiting the large coal and natural gas reserves that represents a substantial share of the world available energy resources.
These capture technologies can be coupled with a policy aimed at enhancing natural carbon sinks. Ecosystems naturally participate in trapping CO 2 . Of the 29 billion tonnes emitted every year, only 40% remains in the atmosphere. The other 60% is absorbed by the ocean and onshore vegetation (IPCC, 2001) . One means to reduce the impact of CO 2 releases would accordingly be to favor these natural CO 2 sinks, particularly by reforestation and changes in agricultural practice. For the time being, however, deforestation continues at the rate of 1.6% per year as a world average, responsible for the emission of 673 billion tonnes of CO 2 /yr (IPCC, 2001) . Thus a halt, indeed a reversal of this process would have a very significant effect on the emission balance. Moreover, the conversion of virgin soil into farmland in the past caused the release of a significant fraction of the carbon initially buried in the soil, i.e., about 120 tonnes of CO 2 /ha, corresponding to a cumulative amount of about 200 billion tonnes (IPCC, 2000; Lal, 2000) . Scientists estimate that the optimization of agricultural practices could restore about 50% of this carbon inventory (Lal and Bruce, 1999; Lal, 2000; IPCC, 2000) . Assuming a characteristic period of 50 years to replenish this inventory, the previous figure would correspond to an average carbon sink of 2 billion tonnes of CO 2 /yr over this period. Clearly, the optimal management of the natural capacity of ecosystems to store carbon can demonstrate early commitment to fighting the greenhouse effect (Scholes and Noble, 2001 ). The overall cumulative potential of ecosystems to store additional carbon is estimated, over the next 50 years, between 100 and 200 billion tonnes (IPCC, 1996b; The Royal Society, 2001 ). However, one must keep in mind that this carbon sink is transient by nature and can only buy time.
Furthermore, the modeling of future trends in natural carbon fluxes suggests a progressive weakening of the efficiency of the natural oceanic and biospheric carbon sinks (Friedlingstein et al., 2001) due to several factors including:
* enhanced soils respiration in response to the warming trend (Cox et al., 2000) , * ocean ventilation slowdown associated with global warming (IPCC, 2001) , and * decrease of the CO 2 imbalance between the atmosphere and the terrestrial and oceanic carbon reservoirs, in the eventuality of an effort to stabilize the atmospheric CO 2 content.
Changes in agricultural practices that are beneficial for carbon storage can also have negative effects on other greenhouse gases like N 2 O or methane (Robertson et al., 2000) . Possible reverse albedo effects are also anticipated from the development of boreal forests (Betts, 2000) .
On the whole, it is therefore possible that efforts to replenish the natural carbon stocks could be partly nullified by a reverse trend in natural carbon fluxes due to climatic feedbacks.
Evolution of the energy mix
In addition to the foregoing measures, a substantial modification of the energy mix, currently consisting about 85% of fossil energy, must therefore be implemented, with greater reliance on low carbon energy (natural gas), and even more on non-CO 2 emitting energies. These changes are possible, over relatively short periods. An eloquent example is that of France. In seven years CO 2 emissions have been cut by 27% (Fig. 10) , placing France in the leading group in Europe for low CO 2 emissions per capita (Fig. 11) .
Over the period concerned, the share of fossil fuels in the French energy balance has thus been reduced from 87% to 63% (Fig. 12) . Today, the energy production of French nuclear generating capacity amounts to 88 Mtoe (Observatoire de l'Energie, 2001), including 15% for export, or the equivalent of the annual oil production of Kuwait.
The aim of these changes in the world energy mix is to reduce the present ratio of CO 2 emitted per unit of CO (tonnes / toe) energy produced (2.8 tonnes of CO 2 per tonne oil equivalent) to 0.5-1 t CO 2 /toe by 2100, in order to guarantee the world's energy needs (IIASA, 1998) while stabilizing the atmospheric CO 2 content around 550 ppm. For each country, the choice between the different available energies is strongly influenced by physical constraints specific to each type of resource (hydropower potential, wind sites with sufficient average wind speed, high mean insolation, etc.). Hence each energy has a specific niche for which its advantages are optimally exploited (Table 1 ). In addition to technical criteria, this optimization must integrate economic and social criteria such as:
* economic competitiveness (kWh cost), * sensitivity to raw material prices (oil, gas, uranium), * impact on employment/added value, * environmental impact (including climate change), and * social acceptability.
Natural gas
Natural gas accounts today for 25% of world primary energy production (BP Amoco, 1999) . Progress achieved in cost and performance of gas turbines, the present low prices, and the large world reserves, make natural gas a high growth energy source. Nonetheless, even if the rate of CO 2 emitted per kWh produced is favorable (360-500 g CO 2 /kWh) compared with coal (600-1000 g CO 2 / kWh), it is a fact that with respect to the greenhouse effect, gas does undeniably have an environmental impact and its generalized use would necessarily imply massive CO 2 releases. Exaggerated reliance on gas would also raise a number of difficulties in terms of economic criteria (sensitivity to the gas price/trade balance) for countries lacking reserves on their soil, considering that the price of gas accounts for more than two-thirds of kWh cost (Lederer and Falgarone, 1997) . Therefore, substantial efforts must be made in developing non-fossil energies.
Nuclear energy
Apart from hydropower, nuclear energy is the only technology available today for the intensive production of energy without CO 2 . In France, the replacement of nuclear power by gas would increase CO 2 releases by 40-50% (150-200 million tonnes of additional CO 2 per year, corresponding to the CO 2 released annually by 40 millions cars), thereby forcing the French socialist-green ruling coalition to deviate from the limitation commitments signed in Kyoto, which call for the stabilization of the CO 2 releases at the 1990 level. The Charpin-Dessus Pellat report (Charpin et al., 2000) , submitted to the French Prime Minister in July 2000, also clearly shows that by the 2050 horizon, only scenarios relying on the continuity of nuclear power generation (scenarios H3 and B3), with a renewal of the existing power capability by the 2020 horizon, would help to contain the drift from the Kyoto criteria (Fig. 13) .
In worldwide terms, although its use only pertains to a limited number of countries, nuclear energy, with 627 Mtoe annually (BP Amoco, 1999) or 2430 TWh (CEA, 1999) , avoids 2 billion tonnes of CO 2 /yr. If the French situation is extrapolated to the major industrialized countries, the figure is no longer 2 but 8 billion tonnes of CO 2 releases that could thus be avoided, or about 35% of all fossil fuels CO 2 releases today.
Hence nuclear power is a cornerstone of the system to balance the energy mix towards non-CO 2 emitting energies. Currently reserved exclusively for industrial and domestic electricity generation, nuclear energy will also have an opportunity in the future to reinforce its role in fighting the greenhouse effect by new applications in the transport sector, which by itself accounts for about 29% of world energy consumption:
* electric cars in cities, a huge advantage for air quality, * electric rail for transporting trucks over long distances, and * hydrogen production by existing nuclear power plants during slack hours (elimination of network management) or by cracking of water in high temperature nuclear reactors, and use of this hydrogen in fuel cells.
However, despite its overall record, the world nuclear industry suffers today from a serious image deficit in the public opinion of many countries. This deficit is largely ascribable to the bad example set by Soviet Union, where unsafe reactor concepts, absence of a safety culture and irresponsible management led to the disastrous Chernobyl nuclear accident.
Despite a radically different situation in the western countries, public confidence in the safety of nuclear power generation has nonetheless diminished. This poor brand image has also suffered from the wide deficit of transparency and communication of the authorities during the Chernobyl crisis and the passage of the radioactive plume above Western Europe. This communication gap, which is only being filled slowly, has exacerbated the mistrust of this industry, considered by a significant fringe of public opinion as dangerous.
The nuclear industry is currently at a plateau (Fig. 14) , with an extremely limited number of new projects, and maximum exploitation of existing capability. Present day nuclear concept and technology are largely the fruit of the period of its industrial ascendancy in the 1970s and 1980s. It is clear that the new generation of power plants, by the 2020-2030 horizon, cannot be a simple extrapolation of existing concepts, but, just like any other leading edge industry, will have to benefit from technological breakthroughs in terms of: * passive safety (for example, the intrinsically safe reactor concept AP600, developed by Westinghouse and the EPR developed in Europe), * reduction of waste (''omnivorous'' reactor concept, capable of burning its own waste), * electrical efficiency (High Temperature Reactor), * economic competitiveness, etc.
If it wants to occupy its rightful place in the fight against the greenhouse effect, the nuclear sector must accordingly strive to regain the confidence of public opinion, through greater transparency, a more attentive approach to the public, and continued technological advances.
Renewable energies
Alongside nuclear power, renewable energies have a major role to play in fighting the greenhouse effect. (Charpin et al., 2000) . Scenarios H correspond to high energy demand, while scenarios B presume weaker growth in demand. H1 corresponds to market logic without any specific constraint, with the progressive abandonment of nuclear power. H2 and H3, in addition to the development of renewable energies, presume the maintenance of nuclear power generation at the present level (H2) or its increase to cope with higher energy demand. B2 corresponds to a modest retreat of nuclear power generation (offset by gas and wind), while B3 presumes the maintenance of nuclear power generation at the present level with a greater effort to develop wind generation. B4-30 describes an anticipated exit from nuclear power. In all the scenarios, the predominant influence of decisions concerning the future of nuclear power capability on CO 2 releases is obviously noteworthy. (NB. These CO 2 emissions must be considered as default values, because they only concern power generation and do not take any particular consideration of the foreseeable growth in the transport sector, which is by itself responsible for 35% of the French CO 2 releases).
Among them, hydropower remains the most widely exploited worldwide: 2500 TWh in 1996 (BP Amoco, 1999) or 19% of world electricity production, with extremely high peaks for countries possessing hydropower resources: Norway, 85%, Brazil 82%. Hydropower generation continues to advance steadily, chiefly in the developing countries, with a total producible potential of 9000 TWh (IPCC, 1996c). Wind energy, thanks to major advances in wind generator technology, is the one growing fastest (Flavin, 1998 ): 4 TWh in 1990 , 20 TWh in 1998 . Its global estimated potential is of the same order of magnitude as hydropower (IPCC, 1996c) . Despite its low generation factorFaverage capacity/installed capacity=about 20% (World Energy Council, 2001) Fstemming from the intermittent nature of the energy source (Fig. 15) , economic profitability is growing steadily and currently subsidized projects can be seen to be approaching the competitiveness threshold. This is still far from being the case, apart from specific applications, for solar energy which is expected remain an auxiliary energy source for many years to come, despite its high long term potential. Some applications (solar water heaters) nonetheless already offer significant potential in countries with favorable insolation.
Low temperature geothermal energy is exploited in many countries to generate heat (urban heating networks), with an estimated capacity of about 10,000 MW thermal (Observ'er, 1999) . In France, technical problems (corrosion and clogging), and especially the economic problems of the system, have sharply curtailed the early interest in this energy in the immediate aftermath of the oil crisis. Geothermal heat pumps are nonetheless expanding in North America and Europe for heating homes and buildings (Observ'er, 1999) . High energy geothermal energy, limited to a small number of countries situated in volcanic areas, has been growing 4.6% per year since 1990. Yet its overall weight remains marginal, with electricity generation estimated at about 50 TWh/yr (Observ'er, 1999) .
Modern biomass, in other words biomass exploited according to strict environmental criteria (if not, biomass consumption is equivalent to deforestation and represents an additional CO 2 source for the atmosphere), is also growing significantly: world production of biogas, 15 Mtoe/yr, has a potential estimated between 150 and 300 Mtoe/yr (Observ'er, 1998) Fto be compared with world gas consumption in : 2016 Mtoe (BP Amoco, 1999 . Biomass consumption for electricity generation has been growing sharply in Europe since 1990, with 1.7% of power generation in 1996. Nevertheless, faced with the serious environmental issues connected with industrial agriculture, and given the very low energy efficiency of biomass, the current taste for bio-energies should not obscure the need for a thorough scrutiny of the production processes.
Economic aspects
In the context of the liberalization of the electricity market, economic profitability becomes a major criterion for selection between the different energies sources. All these systems are advancing, narrowing the competitiveness gap (Fig. 16) , with a significant drop in power prices in most countries.
The gains are particularly significant for gas-combined cycles. Yet fuel cost has very different weights in the different systems, and any pressure on gas prices could totally discredit the present figures. In this respect, the maintenance of the nuclear option (very competitive in base load) and the development of renewable energies, for a country like France lacking fossil resources, accordingly represents a genuine insurance policy. The profitability of wind generating installations critically depends on the quality of the wind ''reservoir'' available. Hence proper siting is crucial. With a kWh price ranging from 0.05$ to 0.07$ (Chabot, 2000; Enerpresse, 2000) , large wind generators (>200 KW) are already of interest to Electricit! e de France (EDF), the French state utility, as an auxiliary source in peak periods, especially in winter. Small wind generators (10-60 KW), with costs oscillating between 0.07$kWh and 0.15$/kWh (Enerpresse, 2000) are also advantageous for remote sites which cannot be coupled to grid at a competitive price. Nevertheless, due to its intermittent nature, the wind investment in this case must be duplicated by a supplementary investment (micro turbine or diesel generators) to contend with windless periods.
Yet the wind sector has other ambitions than merely to be a simple auxiliary energy. In the industrialized countries, the existence of a dense power grid is a technical advantage for the penetration of high capacity wind generators. However, it is clear that in the new deregulated energy environment, the future of the system demands the improvement of its economic competitiveness. In the context of climate change, the internalization of the costs associated with the greenhouse effect, by the enforcement of standards on CO 2 releases, could amply facilitate the economic takeoff of this system (Fig. 17) .
Conclusions
The rapid rise in atmospheric CO 2 content associated with the massive consumption of fossil energies, and the menace it implies for the equilibrium of the planet, represent a major new factor in the world energy policy.
In an expanding global economy, still dependent on fossil fuels for 85% of its energy needs, reducing the releases in order to stabilize atmospheric CO 2 is an extremely complex task. Three main options are available to us: (i) energy conservation, (ii) carbon management including enhanced carbon storage on land by natural ecosystems, CO 2 capture and geological storage, (iii) greater reliance on CO 2 -free energies. To maximize the global efficiency of the fight against global warming, these different strategies must be combined optimally to exploit their respective advantages.
As far as non-fossil energy is concerned, hydropower and nuclear power resources are the principal assets, due to their high production potential and their economic efficiency. The example of the results obtained in France, where CO 2 emissions have been cut 27% in the space of a few years (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) , despite an increase in energy demand, demonstrates that a policy aimed at the substantial reduction of CO 2 releases is technically feasible at a competitive price. Greater reliance on renewable energy should also be encouraged, where technical progress should enable it to attain the economic competitiveness.
For each country, the choice between the various available options is strongly dependent on the local conditions. In France for instance, 472 TWh of the 513 TWh of electricity produced annually are already generated without any CO 2 release by the nuclear and hydraulic sectors (Observatoire de l'Energie, 2001 ). Because of this situation, unreasoned development of the wind electricity generation in France would in fact lead to an increase in the CO 2 emissions, because of the necessity to build additional fossil fuel generating capacity to deal with the intermittent nature of the wind resource (Birraux and Le D! eaut, 2001 ). This simple example reminds us of the diversity of the energy situation in the various parts of the world and shows us that a strategy which is well adapted to a given country could be totally counterproductive if applied elsewhere without proper evaluation. Comparison of kWh price of non-fossil energies (wind, nuclear) and fossil energies (coal, gas) with and without extra cost for CO 2 capture. Sources: Lederer and Falgarone (1997) , Chabot (2000) , Enerpresse (2000) , David (2000) , Espace Eolien (2001).
